The effect of the body mass index on postoperative complications of coronary artery bypass grafting in elderly Abstract Objectives: To evaluate the effect of BMI (body mass index) in the postoperative period of elderly patients undergoing CABG.
INTRODUCTION
The aging process of the population is associated with the increased prevalence of chronic degenerative diseases, especially cardiovascular diseases [1, 2] . Thus, it is estimated that an increasing number of senior citizens (60 years of age or older), will undergo CABG [3] , although the complications and the risk factors of CABG in that age group are not yet well-established.
Preoperative evaluation of cardiovascular risk includes clinical markers, functional capacity and the specific risk of surgery. Elderly patient present changes in morphology and vascular function [4] , increasing the incidence of mortality surrounding the date of surgery, as well as complications such as renal failure, prolonged ventilation, stroke, and postoperative cardiac arrest [5] .
The nutritional habits of elderly patients is part of the preoperative evaluation, and there is no gold standard for the diagnosis of nutritional disorders [6] , which reveals the need for research. The World Health Organization (WHO) [7] recognized Body Mass Index (BMI), or the Quetelet Index, as the international standard [8] ; this parameter uses the patient's weight and height as diagnostic criteria: BMI = weight (kg)/height (m)². BMI is used in most epidemiological studies as an indicator of nutritional habits due to its ease of use and its correlation with morbidity and mortality [9] . The effect of BMI on morbidity and mortality differs between young adults and the elderly. Stevens et al. [10] found that the relative risk of death associated with excess weight is lower for older patients.
It is known that patients with cardiac cachexia or obesity can not tolerate heart surgery very well [11, 12] . However, the relationship between BMI and its effect on postoperative CABG is controversial: some studies found no significance between high BMI and mortality [13] [14] [15] [16] ; others have shown a positive correlation between obesity and postoperative complications [17] [18] [19] . Gurm et al. [20] found a short-term protective effect of obesity in patients who had undergone CABG.
This study aims to retrospectively evaluate the effect of BMI in the immediate postoperative period of elderly patients who have undergone CABG.
METHODS
A retrospective cross-section study was performed with all patients (n=290), 60 years or older undergoing CABG in the IC/FUC (Institute of Cardiology/ University Cardiology Foundation -Rio Grande do Sul, Brazil) from August 2006 to July 2007. The World Health Organization (WHO) [21] suggests 60 years or older as the definition of the elderly population in developing countries.
Elderly patients under procedures associated with CABG, such as valve replacement or valve repair, transplantation, and pacemaker implants, were excluded from the study, as were those who did not present the protocols completed correctly and those who underwent the procedure without cardiopulmonary bypass.
Data collection
The variables included in the study were collected from patients' medical records. The identification data, comorbidities and preoperative exams were retrieved from the protocol of preoperative assessment, the transoperative variables were retrieved from the assessment surgical protocol, and the postoperative variables were retrieved from hospital discharge record. All protocols were filled by responsible medical teams and are described below:
• Data identifying age, gender, weight, height;
• Comorbidities: systemic arterial hypertension, prior acute myocardial infarction, heart failure, type 2 Diabetes Mellitus, chronic renal failure, chronic obstructive pulmonary disease, smoking;
• Preoperative laboratory tests: hematocrit, hemoglobin, creatinine, fasting plasma glucose;
• Transoperative variables: time of cardiopulmonary bypass (CPB), time of aortic clamping;
• Postoperative variables: respiratory and renal complications, hospital stay, readmissions and immediate surgical mortality.
Postoperative Complications
Respiratory complications were defined as the inability to remove the patient from artificial respiration in a period exceeding 24 hours, the presence of SARS (Severe Acute Respiratory Syndrome), pulmonary embolism, or severe and persistent atelectasis.
Slight renal failure was defined as creatinine levels increased to 1.3 mg/dl, and mild to severe renal failure was defined as creatinine levels increased to 2.0 mg/dl, and/or with the use of dialysis.
Lengthy hospital stay was defined as one over seven postoperative days, according to the institution's protocol.
Rehospitalizations was defined as those that occurred within the first 30 postoperative days, and deaths were considered immediate surgical mortality if they occurred within the first 30 postoperative days in the hospital.
Determination of Body Mass Index (BMI)
BMI was obtained by dividing body weight (in kilograms) by height (in meters squared) (kg/m²). BMI classification followed the standards established for the elderly according Lipschitz (22) and was divided into tertiles respectively: BMI <22Kg/m² thinness -malnutrition (1 st tertile), 22kg/m²<BMI normal weight (2 nd tertile) and BMI>27Kg/m² overweight (3 rd tertile).
Statistical analysis
Statistical analysis was performed with SPSS 15.0 software. The variables were assessed descriptively in relation to their frequency, mean and standard deviation. We used the Student t test for continuous variables, and chi-square test for categorical variables. Significance level was set at 5%. The magnitude of the effect was estimated using the relative risk.
This study was reviewed and approved by the Research Ethics Committee of the Institute of Cardiology / University Cardiology Foundation -Rio Grande do Sul, Brazil.
RESULTS

Patient Profiles
The mean age (± standard deviation) of the 290 patients was 68 years (+ 6 years). 65.2% were male. The correlation between BMI and age at surgery was negative (r= -0.1). Regarding the multivariate analysis of gender due to comorbidities, only smoking was statistically significant, with a P <0.001 for males, regardless of BMI. Table 1 describes the preoperative profile of the patients organized by BMI category. The patients in the 1 st tertile (BMI <22kg/m² -thinness) presented higher rates of prior myocardial infarction (36.6%), chronic renal failure (4.5%), chronic obstructive pulmonary disease (18.8%) and smoking (63.6%).
The mean of preoperative laboratory tests and the transoperative variables are described in Table 2 . There was significant difference between the categories of BMI only in relation to the longer time of CPB for the patients from the 1 st tertile (mean 91 min + 37 min, P=0.01). 
Postoperative complications
The prevalence of pulmonary dysfunction, renal failure, re-admissions, extended hospital stays and immediate surgical mortalities in the different BMI categories are described in Figure 1 and Table 3 . Chronic renal failure and hospital stays of more than seven postoperative days were the most common complications. In the group of patients of the 1 st tertile, higher rates of pulmonary dysfunction, renal failure, extended hospital stay and immediate surgical mortality were found, but without statistical significance.
The mean time of hospital stay for all patients as a single group -with or without complications -was 9.47 days with a standard deviation of 9.20 days. Among female patients, the 1 st and 2 nd tertiles, 61.5% had a hospital stay for a period longer than seven postoperative days, compared to 42.5% of male patients (P=0.003).
The relative risk of poor clinical outcomes related to the patients of the 3 rd tertile (BMI> 27kg/m² obesity) showed protective association of obesity to pulmonary dysfunction (RR = 0.99, 95% CI = 0.52 -0.83), re-admission (RR = 0.45, 95% CI = 0.18 -1.13) and mortality (RR = 0.77, 95% CI = 0.26 -2.24), and a risk factor for renal failure (RR = 0.45, 95% CI = 0.18 -1.13).
In the group of patients in the 1 st tertile (Table 4) , a correlation was found between the time of CPB and renal failure, with P<0.001 (for renal dysfunction with CPB = 142 min. + 31 min versus renal failure without CPB = 76min + 24min), and, in the 2 nd tertile group, with p=0.04 (for renal failure with CPB = 85 min. + 32 min versus without renal failure with CPB = 74 + 22 min).
DISCUSSION
The results of this study showed that low BMI (patients of the 1 st tertile) may increase the frequency of postoperative complications in elderly patients undergoing coronary artery bypass grafting. Although the findings do not have statistical significance, it is known that malnutrition in the elderly is associated with increased mortality, as well as susceptibility to infections and reduced quality of life [23] . Malnourishment can impair an elderly patient's ability to manage stress, especially if they are suffering from organ complications or other serious diseases, which results in a higher rate of postoperative complications [24] [25] .
In malnourished and eutrophic patients, we found a positive correlation between CPB time and renal failure caused by increased creatinine levels, but we also found an association with immediate surgical mortality. Glomerular function declines with age, but studies show that renal failure during heart surgery is a frequent complication; noted more often when CPB time exceeds 90 minutes, confirming the findings of the sample [26] [27] [28] .
A risk for renal failure was also attributed to obese patients, but without statistical significance. In a recent publication on the relationship between excess weight and risk for chronic renal failure showed that the risk of renal failure is three times higher for obese patients [29] . This finding supports the importance of the relationship of obesity to postoperative renal failure found in the sample studied.
Data analysis showed a benefit in survival of euthrophic and overweight patients; similar to findings published by Brikmeyer et al. [17] , Gurm et al. [18] and Fasol et al. [30] , in which a BMI superior to 30 kg/m² was not associated with increased mortality [31] .
The increased time of hospital stay in this age group is reported in the literature when compared to surgery in younger patients [32, 33] . Women from malnutrition and eutrophy groups had longer hospital stays. According to the literature [34] this disparity is because women are at an increased risk for complications and mortality in heart surgery, independent of BMI. Women have arteries of smaller diameters; there is a tendency for women to receive diagnosis and treatment in more advanced phases; and hormonal factors, such as the decrease in estrogen, may interfere with the risk analysis between the genders. There are limitations to this study. BMI is used in most epidemiological studies, has good correlation with body weight (r=0.80), low correlation with height, but it does not express the quantity or the distribution of body fat [35, 36] . In the elderly, there is controversy about the cut-off points. It is believed that the aforementioned values adopted for young adults are most appropriate to prevent malnutrition [22] . The aging process is followed by a decrease in height, an accumulation of fat tissue and lean body mass reduction, which limits the use of BMI [37] . Another limitation is the type and location of body fat, because there are differences in risk of cardiovascular disease among patients in the android standard (accumulation of visceral fat with central or abdominal distribution) compared to standard gynecoid (accumulation of gluteal-femoral fat).
CONCLUSION
BMI can have an effect on the complications of coronary artery bypass grafting in elderly; lower BMI may increase the risk for complications. In contrast, obesity may have a protective effect, but this effect is not found in cases of renal failure. This study focused only on shortterm data. Long-term conclusions need further investigation.
